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The effects of different thermal regimes on growth and physiological performance of the marine microalgae Emiliania 
huxleyi were studied . Two morphological distinct strains, one coccoliths-bearing cells called Calcified cells and one non-
motile naked cells, were allocated to four different experimental groups. The groups were submitted to constant temperature 
of 20 °C and three different daily fluctuation ranges of temperature: a lower range of 20±2 °C, an intermediate range of 
20±4 °C and the last higher range of 20±6 °C. This investigation demonstrated that there is a correlation between degree of 
calcification and photosynthesis. The cells with a decreased level of calcification resulted in a down regulation of 
photoprotective mechanisms. The cells grew high extent for all levels of fluctuation, presenting elevated concentrations at 
higher temperature amplitude. Elevated temperature shifts (206 C) increased photosynthetic activity on both morphotypes 
strains of E. huxleyi. 
 
[Keywords: Calcified cells (C-Cells); Coccoliths; Emiliania huxleyi (E. huxleyi); Morphotypes cells; Naked cells (N-Cells); 
PAM fluorometry.] 
 
Introduction 
The Emiliania huxleyi is the most abundant marine 
single-celled coccolithophore1. The coccolithophorid 
algae are of interest mainly due to their ability to form 
CaCO3. The armor-plated semblance of E. huxleyi 
(EHUX) cells is due to their possession of an external 
covering of calcareous plates of this biogenetic calcite 
(CaCO3), called coccoliths2. The identification of the 
morphological diversity of E. huxleyi cells has a 
substantial disclosure in the response of the global 
carbon cycle. The released quantity of pollutant gases 
into the atmosphere has risen the concern of the effect 
of CO2. It is considered one of the most important 
pollutant due to the greenhouse effect and 
consequently ocean acidification, affecting the 
calcifying organisms severely. Over the last few 
decades, several studies have emphasized the need to 
determine the potential of microalgae cultivation 
systems to decrease CO2 emissions
3. The 
morphometric examination allows the identification 
and the distinction of the cells by displaying them into 
different groups, based on the size of the coccoliths, 
the degree of calcification and/or genotype variation4. 
The strains of E. huxleyi presented in this study are 
differentiated by the cells’ morphology: Calcified 
cells (C-Cells) characterized by a non-motile 
coccolith-bearing cell and Naked cells (N-Cells), a 
naked non-motile cell5. Young and Westbroek, 1991, 
have explained the hypothesis supporting the extent 
variation within this species6. An abnormal and/or the 
incomplete growth diagnosed during morphometric 
analysis occurs in specific cases which might be 
influenced by external factors. Although a plausible 
justification for such conditions has not been clarified, 
the high level of the differentiation may be 
predominantly due to ecophenotypic and genotypic 
factors. Young and Westbroek further explained that 
among the morphotypes, some appear more common 
than the others and can only be sorted by microscopic 
thorough analysis. Thus, the analysis of the central 
area arrangement as well as the distal shield of the 
coccoliths allows a more effective identification of the 
cell types. Some cells differentiate from each other by 
having or not an opened central area on the 
exoskeleton7. In a more recent study, additional 
morphotypes were described8, after an immunological 
cross-reaction test and DNA sequencing was 
performed on the coccoliths9.  
Consistent models were coupled to achieve the 
biological dynamic to predict the interaction of 
temperature on the growth. In brief, the temperature 
influences chemical reactions rates, diffusion rates in 
water, diffusion and transport through membranes, 
respiratory and photosynthetic electron transport, 
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enzyme activities and, as a consequence, algal 
populations10. The relative issues of the effect of 
temperature on cell growth reduction depends on 
species and it may attenuate. The microalgae can 
undergo assorted diurnal temperature fluctuations. 
The daily fluctuations are liable to amend the growth 
conditions of microalgae and henceforth boost the 
productivity efficiency11. There are indications that 
the majority of species have developed an adapted 
mechanism to deal with the temperature fluctuations, 
including energy re-balancing and cell shrinking to be 
precise. The degree of unsaturation of membrane 
lipids influences the phase transition temperature in 
biological membranes; therefore, the temperature 
operates as the control of metabolic rates to oblige 
growth12. The general microalgae growth is cultivated 
at a thermoperiodicity of higher day time temperature 
and lower night time temperature13. Moreover, the 
adaptation to elevated temperatures of certain species, 
when protracted over optimal temperatures cycles, has 
been proven efficient to increase in all levels of the 
algae response mechanism.  
In this study, both samples of E. huxleyi 
morphotype strains, C-Cells and N-Cells were 
acclimated to diel temperature fluctuation system to 
observe the individual potentiality of growth. This 
study is aimed to investigate how the circadian 
rhythms of the fluctuating temperature influence the 
microalgae in terms of growth and pigment content 
and to analyze the algae capability of rapid 
assimilation in giving photosynthetic response. 
 
Materials and Methods 
Cell density and growth rate determination 
Complete cultures cycles were operated on naked 
cells E. huxleyi (CCMP2090) provided by the Center 
of Marine Phytoplankton, England and on calcified 
cells samples of E. huxleyi (NIES-1318) provided by 
the National Institute of Environmental Studies, Japan.  
Upon arrival, the samples were acclimated at 
reduced and ambient conditions for the right 
adaptations. This laboratory procedure was perform 
under control conditions for 20 days prior to the initial 
experiment date. The samples were then exposed to 
four combinations of temperature fluctuation: A 20 C 
(as control and optimal degree to the biomass 
production); 20 C  2 (18/22 C); 20 C  4 (16/24 
C) and 20 C  6 (14/26 C). The fluctuation of 
temperature is explained on the diel diurnal diagram 
(Fig. 1). A fixed light intensity was set at 150 mol 
photonsm-2s-1. Three replicates were prepared for 
each treatment, having a total of 36 total samples per 
strain. Initial density was inoculated to 9.6x106 
cells/mL on IMK medium in a 14 L:10D cycle 
photoperiod. The samples were cultured in the 
standard well known procedures using the 500 mL 
Erlenmeyer flasks for incubation. The parametrical 
analysis was recorded every five days to examine 
photosynthesis and calcification responses, biomass 
production, organic dry weight, and pigment content. 
The experiment length was 15 days. 
 
Dry weighing measurements 
The preparation for the dry weight (DW) analysis 
began with the centrifugation process of all the 
samples. Prior to this process, it was crucial to study 
the morphology of each strain about to be inserted into 
the centrifuge machine since the rotation speed varies 
according to the species being used. The centrifuged 
tubes of 50 mL were prewashed using distilled water 
and dried overnight in an 80 °C oven. The liquid 500 
mL C-Cells/ N-Cells samples were transferred into the 
tubes and placed into the centrifuge machine. For the 
C-Cells, the centrifuge machine was set to a rotation 
speed of 8000 rpm, at 4 °C for 10 minutes. The same 
method was used for N-Cells, except that the rotation 
speed was set to 10000 rpm. The centrifugation speed 
for C-Cell was less than the N-Cell due to the fragility 
of the latter. Due to absence of calcite in the cell 
external plate, the N-Cell required more speed to 
separate the supernatant from the solid part. The 
centrifuged samples were placed into the -70 °C freezer 
for at least 24 h. The organic powders were obtained 
after the samples were placed in the vaporizer machine 
for 20 h. After this procedure, the dry weighing was 
initiated by using a weighing machine.  
Fig. 1 — Diagram of diurnal fluctuation of temperature 
representing a circadian rhythm. The high and low amplitude 
oscillation of temperature (T) are represented as A+ and A-
respectively, in 12L:12D photoperiod cycle (represented by the 
bars L and D bars) 
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Pigments measurement 
Three and half mg of culture lyophilized algal 
powder was collected. The extract was subjected to 
quick centrifugation for 5 min at 8000 rpm at the 
exponential phase, and supernatant was transferred to a 
fresh pellet. To the tubes was added 5.0 mL 80% 
DMSO for pigment extraction for 5 min in dark on a 
70 °C water bath. The centrifugation and transfer of the 
supernatant was continuously done until clear solution 
was obtained. Chlorophyll were determined by 
measuring the optical densities at 480, 650 and 666 nm 
and were calculated using the following formula14:  
 
a) CChl a (mgL-1) = 13.34 (A666) - 4.85 (A665) 
b) CChl b (mgL-1) = 25.58 (A665) - 6.65 (A666) 
c) Total car (mgL-1) = (1000 (D480) - 1.29 
 (CChl a) - 53.76 (CChl b) / 220) 
 
Analysis of photosynthetic efficiency 
The basic experiment was performed to determine 
the response of the microalgae to a step-wise range of 
irradiances. This photosynthetic parameter was 
evaluated using a fluorometer (PAM, Walz, Effeltrich, 
Germany). Diverse PAM parameters which reflect the 
photosynthetic adaptation and inhibition were 
measured. To obtain the intrinsic efficiency of each 
strain in culture, the maximum quantum yield of 
photosystem II (Fv/Fm) was measured. The 
measurement of this parameter represent the key 
element, since the yield measures the photons used for 
electron transport by PSII of the chloroplasts. The 
software calculates relative ETR (rETR). In addition, 
non-photochemical quenching (NPQ) is an expression 
also calculated automatically by the Water-PAM 
machine. The operative photosynthetic processes were 
investigated through the analysis of the photochemical 
quenching (qP), which indicates PSII in the closed 
state, and not contributing to electron transport. 
Photosynthetic activity was assessed after 4 hours of 
induction of the light cycle to avoid a large acerbity on 
the microalga growth. Half an hour before the 
measurements, 3 mL were sampled from the 
experimental replicate rearing units and the samples 
were measured after dark adaption for 10-15 min at 
room acclimation to allow complete oxidation of PSII 
reaction centers. Observations were made under four 
different treatment conditions, defined by a static light 
intensity of 150 mol photonsm-2s-1 and the 
temperature fluctuation ratio of 20 C; 20 C  2; 20 C 
 4; 20 C  6. The fluorescence responses were 
measured directly from the triplicate of each treatment. 
Statistical analysis 
Statistical analyses were performed using SPSS 
(version 17.0). The comparisons of growth rate, 
photosynthetic parameter and pigment content among 
treatments were done by one-way ANOVA, followed 
by Duncan's multiple comparison tests if the 
significant difference was reported by ANOVA. All 
the data were expressed as mean ± standard error.  
 
Graph illustrations 
All the electronic figures and vector graphs were 
elaborated by GraphPad software, GraphPad Prism 
version 7.0b. 
 
Results 
Comparison of growth of two morphotypes strains 
The detailed growth rate results of the influence of 
the fluctuating amplitude of temperature are shown in 
Figure 2. The fluctuating temperature had relatively 
great impact on growth of both C-Cells and N-Cells. 
The growth rates of Cells increased significantly with 
the increase in temperature, for all strains in culture at 
all levels of treatment. Although there is a visible 
difference on the cell density amount between these 
two strains, both always showed values greater than 
approximately 2x10-4 cell/mL after the second 
trimester of the exposure time. The fluctuation 
treatment of 20 C  2; 20 C  4; 20 C  6 
presented significantly higher throughout the entire 
exposure time compared to the constant temperature 
20 C, in C-Cells. The growth rate of the C-Cells 
sample increased with the increase of temperature. 
For the N-Cells, during the first five days of exposure 
there was a noticeable gap between the constant 
temperature treatments relatively to the remaining 
treatments. By the 10th day, an elevated decline in cell 
density of the constant temperature treatment (20 C) 
was clearly reported. The fluctuating temperature 
amplitudes in contrast, by the 10th day demonstrated a 
great adaptability to the fluctuating temperature 
conditions. With the approach of the end of the 
experiment conclusion, all of the treatments reported 
a slight stabilization, with no greater difference 
among them.  
At 20 C  2, the minimum growth rate was 
exhibited by the N-Cells at the beginning of the 
experiment and the maximum by the C-Cells at the 
end of 15 days. At 20 C  4, the highest growth rate 
for the C-Cells was exhibited by the 15th day of 
exposure time. However, in N-Cells the maximum 
values were observed at the 10th day, followed by a 
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decrease by the 15th day. The highest levels of the 
temperature fluctuation (20 C  6) showed the 
highest position in terms of cell density for the C-
Cells. In the N-Cell although the values were slight 
low compared with the other fluctuation treatments, 
the Cells demonstrated a steady increase throughout 
the length of the experiment. The N-Cells showed the 
slowest division rates at 20 C  2 and 20 C  4 on 
the 5th day but it reached a higher position after 10th 
day, but still were comparatively less efficient than 
the C-Cells. Considering the growth rate pattern, the 
two of them showed the same percentage of increase 
in growth rate between the fluctuation levels. 
 
Dry weight determination 
In this section, the results of the effect of the 
fluctuating temperature on the weighing of the samples 
after cell drying, were displayed. The two morphotype 
cells of E. huxleyi dynamic were quite different from 
each other. In case of the C-Cells strain, the fluctuating 
temperatures (20 C2; 20 C4; 20 C6) had a 
negative impact on the cell dry weight than the 
constant temperature (20 C). The constant temperature 
reported a slight diminishing on the dry weight amount, 
but was not very significant. The remaining fluctuating 
treatments on the other hand reported a continuously 
and abrupt decrease on the dry weight amount 
throughout the entire length of experiment. The lowest 
value was recorded for the treatment 20 C2 and the 
highest for 20 C. The intermediate fluctuating 
temperature 20 C4 and highest fluctuating 
temperature 20 C6, the behaviors were similar, 
recording a good increase after the 10th day, but 
registering a decrease by the end of the experiment 
(especially 20 C6-treatment level).  
The 20 C treatment level also was registered as 
the better treatment for the N-Cells. There was a 
significant increase of the dry weight amount when 
the exposure time was reaching the 10th day. The 
samples at 20 C2 fluctuating level, reported a 
considerably good adaptation to the treatment, having 
a constant and uninterrupted increase from the 
beginning of the exposure time up until the end. For 
20 C4, the initial values were not very significant; 
however, by the 10th day there was an improvement of 
the adaptation to the light shifting. For an unexplained 
reason, this same treatment registered a decline in the 
value on the 15th day. The highest treatment of this 
set, 20 C6 was the one with the most negative 
outcome. The values decreased throughout the whole 
experiment. So it is safe to assume that it was the least 
adjustable treatment. 
 
Pigment compositions of microalgae in culture 
Chlorophyll and carotenoid values presented to Chl 
a and Chl b for the two growing strains of E. huxleyi 
at different temperature oscillation are given in Figure 
4, which represents the ratios between close related 
pigments and the total pools.  
The Chl b in C-Cells to Chl b in N-Cells ratio was 
numerically different. In C-Cells, the values of Chl b 
were nearly constant at two levels of temperature 
fluctuation treatments tested on the 5th day of 
exposure time: 0.080.005 (mean ± SE) at 20 C and 
0.080.006 at 20 C4 (Table 6). The remaining two 
temperature fluctuations appeared with similar values: 
0.090.003 for the highest level of temperature 
fluctuation (20 C6) and 0.070.005 at 20 C2. 
 
 
 
Fig. 2 — The growth rate result bars for the two morphotypes cells 
of E. huxleyi are presented in mean  SE with different letters (a, b, 
c, bc) indicating the significance level of P < 0.05 after a Duncan 
test in Anova, SPSS. The growth under the fluctuating temperature 
treatment of 20 C; 20 C  2; 20 C  4; 20 C  6. 
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Moreover, the Chl a value increased with the increase 
in the temperature fluctuation treatments, from 
0.130.02 at 20 C2 to 0.200.001 at 20 C6. At 
the constant temperature, the values were recorded at 
0.170.02. The Chl a to Chl b ratio was opposite from 
each other at all levels. But both parameters registered 
the lowest values at 20 C2 and higher at 20 C6. 
By the 10th day, all levels of fluctuating temperature 
witnessed an increase in both Chl a and Chl b. The 
level with the lowest temperature fluctuation (20 
C2) reported a significant increase in comparison 
with previous results, with values registered at 
0.290.03 for Chl a and 0.110.01 for Chl b. The 
lowest values this time was detected on the 
intermediate level of 20 C4 (0.200.03) exclusively 
for the Chl a. In contrast, at 1 the end of the 
treatments, the values of the two highest fluctuating 
temperatures, 20 C4 and 20 C6 increased 
continuously to the highest level of 
0.230.02/0.090.009 and 0.260.05/0.100.01, 
respectively. The constant temperature and the lowest 
temperature fluctuation treatment demonstrated a 
subsequent decrease although the latest had the 
highest value for this segment, a total of 
0.270.03/0.100.01 (Chl a/Chl b).  
Figure 4 shows N-Cells Chl a/Chl b dynamics on 
the 5th day, whereas the ratio were similar at all levels, 
showing numbers around the lowest (0.050.04) for 
the constant temperature fluctuation and the highest 
(0.060.006) at the 20 C4, for Chl b. The Chl a in 
turn presented 0.070.02 as the highest for the 20 
C6 treatment and 0.050.05 also for the constant 
temperature. The ratios matched with the pattern 
observed during the experiment and increased with 
time. However, the 15th day described an increase 
only to the highest level, 20 C6, with the maximum 
of 0.090.003/0.070.002.  
 
Photosynthetic activity 
Standard analysis was run for each experimental 
treatment and the estimated values are described in 
Table 1. The sensitive reaction of photosynthesis to 
physiological stress is relatively common. The PAM 
fluorometry provides a prompt and practical method 
for assessing stress response in microalgae. The 
fluorescence parameters inducted during the analysis 
were used to evaluate the impact of light intensity and 
the diurnal fluctuated temperature on PSII in E. 
huxleyi. PSII quantum efficiency was observed with 
the most significant value for the N-Cells levels. The 
C-Cells were identified as the most sensitive group 
according to the fluorescence parameter, indicating 
that the process of light energy was dissipated. Table 
1 shows a representative of the optimum irradiance of 
each treatment level in culture. Giving an apparent 
photosynthetic efficiency of the constant temperature, 
registering the maximum Fv/Fm fluctuation of 0.528–
0.538 during the entire length of the experiment. The 
values for Fv/Fm were efficient after the 5th day of 
exposure time, registering 0.499, followed by a rise in 
that value to 0.529, in N-Cells highest temperature 
fluctuating condition (20 C6). Translated onto 
basis, the general values of Fv/Fm had meaningful 
equivalent comparisons between different levels of 
the N-Cells samples. The C-Cells reported a more 
efficient at the same conditions stated previously; 
however, the values were considerably lower. At  
20 C6, the initial 0.334 had a major increase to 
0.512 after the 15th day. The remaining treatments 
achieved equal values. 
               
Fig. 3 — Effect of diurnal variation of temperature on cell dry weight for calcified cells and naked cells of E. huxleyi. 
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Apparently, PSII was calculated from exponential 
irradiance curves for each fluctuation of temperature. 
The results were relatively higher for the N-Cells 
levels over the entire range of treatments. The 0.296 
was the maximum obtained result after the 5th day for 
the lowest fluctuation range (20 C2); however this 
same condition suffered a decline to 0.256. There was 
a significantly higher yield found at 20 C6 
treatment in increasing the result of PSII, but the 
difference was not large during the first 5 days. The 
situation had a turn after 15th day, when 0.272 
increased to 0.284. The overall adaptation to the 
controlled environment was more effective. The 
optimum irradiance for this C-Cell was about 150 
mol photonsm-2s-1 light intensity range for the 
fluctuation of 20 C of temperature, but closely 
followed by the remaining treatments. The PSII and 
Fv/Fm were strongly correlated with one another. 
Increasing values of Fv/Fm tend to decrease the  
value of PSII except for values on the intermediate 
and highest light intensity fluctuations (20 C4/20 
C6) in N-Cells. A more direct correlation happened 
for the C-Cells, but there was a significant and 
systematic inhibitory effect.  
 
Discussion 
In our experiment, there was a direct link between 
the minimum growth ratio to the highest degree of 
temperature. Low temperatures, in contrast, induced 
the cell maximization and stimulated calcification. 
Triantaphyllou et al., 2009, documented a tendency 
for specimens of the E. huxleyi developing a larger 
coccosphere and bigger coccoliths with a heavier 
degree of calcification in the central area when the sea 
surface temperature is lower. An approximated result 
was previously reported by Buitenhuis et al., 2008, in 
which the minimum temperature observed for growth 
was consistent with the determination of the 
coccolithophores growth rate decreased with 
temperature increase. According to the obtained 
results, it was observed that all the different diel 
temperature fluctuation enhanced the biomass of the 
          
           
 
Fig. 4 — Absortion chromatograms (A665 and A666 nm) of the calcified cells and naked cells of the haptophyta Emiliania huxleyi studied 
growing at different diurnal oscillation of temperature (20 C; 20 C  2; 20 C  4; 20 C  6).  
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cells. It was proven that for C-Cells the temperature 
fluctuation of (20 ± 2 °C), (20 ± 4 °C) and (20 ± 6 °C) 
had substantial influence on growth rather than the 
constant temperature of 20 °C (P < 0.05); however, 
for the N-Cells levels a not so positive influence was 
encountered. Since the beginning of the experiment, 
all the fluctuations indicated a good adaptation of the 
cells to the exposed conditions; meanwhile, the 
situation reversed by the end of the experiment. The 
cells density began to decrease showing a not so 
positive influence on the growth compared with that 
at constant temperature. The high temperature 
conditions appeared to accelerate the increase of 
growth and biomass to beyond the optimal 
temperature amplitude. The effect of thermal shifts 
had significant influence enhancing growth.  
Experimental photosynthetic efficiency described 
in Table 1 suggested that diurnal changes on 
temperature had little effect on photosynthesis. 
However, correlation with the calcification 
mechanism reported that the photosynthesis response 
is clearly more significantly inhibited for the C-
Cells15. The experiment had a simple influence of the 
inhibitory effects upon photosynthetic apparatus till 
10th day of incubation. This effect might reflect the 
complexity on relationship already pointed out by 
other authors previously in the biochemical 
mechanism and morphology od each strains16. 
Based on the occurrence of Chl c type pigments, the 
isolated species belonged to six of the eight pigment 
types known in Haptophyta. Most haptophytes isolated 
could be unequivocally distinguished from other algal 
groups based on pigment composition. Chlorophyll c 
and fucoxanthin type pigment ratios normalized to Chl a 
showed a decrease with the increase in light intensity 
and growth rate17. The observed decrease in pigment 
ratios was more marked for the fucoxanthin pool than 
for the Chl a18. The intensity of the changes was highly 
species-specific reflecting both differences in the 
pigment composition of the different components of the 
light harvesting protein complexes as well as the balance 
between them and the reaction center complexes.  
 
Conclusion 
Over the past few decades, a different hypothesis 
emerged supporting many of the theories surrounding 
the coccolithophore role in the environment. There is 
an essential need to comprehend how to enhance their 
valuable functions to adjust the natural occurrence. 
Innumerous different surveys were conducted 
regarding the morphological variations on the species 
E. huxleyi and their exact causes, as mentioned 
previously. The morphology of the naked cells in this 
study reported being likely the one with a higher and 
faster adaptability to the conditions of the treatments 
that it was submitted to. This work was aimed to 
extend the existing knowledge concerning the 
physiological characteristic of E. huxleyi in response 
to environmental factors. The emanate search about 
the magnitude of the external influence on the 
reduction of the adaptation of the strains in culture 
tend to suggest temperature as the main factor.  
To conclude, the bearing of the coccoliths might 
not influence the process of assimilation and 
production of the pigments19. Notwithstanding the 
uncertainties in absolute outcomes, a further 
exploration can provide a valuable new perspective 
for the study of E. huxleyi ecology. This study 
determined physiological differences of two 
morphotypes cells of marine microalgae according to 
growth and biomass production. 
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Table 1 — Effect of the diel temperature fluctuation on the photosynthetic response of complementary Fv/Fm, rETR, qP and  PSII. 
Strains Treatments Fv/Fm rETR qP  PSII 
  5th day 10th day 15th day 5th day 10th day 15th day 5th day 10th day 15th day 5th day 10th day 15th day 
N - Cell 20°C 
20°C2 
20°C4 
20°C6 
0.528 
0.399 
0.426 
0.449 
0.593 
0.538 
0.509 
0.529 
0.538 
0.458 
0.443 
0.483 
22.5 
22.9 
15.5 
21.0 
15.05 
21.6 
19.3 
20.4 
15.63 
19.8 
20.6 
21.9 
0.524 
0.619 
0.438 
0.545 
0.358 
0.520 
0.492 
0.500 
0.371 
0.632 
0.609 
0.623 
0.291 
0.296 
0.201 
0.272 
0.194 
0.279 
0.250 
0.264 
0.202 
0.256 
0.266 
0.284 
C- Cell 20°C 
20°C2 
20°C4 
20°C6 
0.320 
0.266 
0.276 
0.334 
0.400 
0.381 
0.388 
0.393 
0.448 
0.428 
0.440 
0.512 
22.2 
13.1 
18.5 
19.4 
18.5 
17.6 
16.7 
16.8 
15.3 
13.6 
13.6 
13.5 
0.632 
0.399 
0.561 
0.515 
0.607 
0.608 
0.552 
0.543 
0.639 
0.667 
0.666 
0.564 
0.287 
0.169 
0.240 
0.251 
0.240 
0.229 
0.217 
0.218 
0.198 
0.176 
0.176 
0.175 
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that promptly offered their help to the elaboration  
of this work. 
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